Purpose Neurocysticercosis is a major public health concern.
Introduction
Neurocysticercosis is the most common parasitic disease of the central nervous system (CNS). It remains endemic in developing countries and migratory flows reintroduced the disease in Europe and in the United States [1, 2] .
The clinical presentation of neurocysticercosis varies according to the number, location, size, and stage of development of the parasite within the CNS [3] . Cysts lodged in the subarachnoid space and ventricles elicit an important inflammatory response that can cause arachnoiditis, ependymitis, vasculitis, and cranial nerve entrapment. As a result, patients may develop hydrocephalus, stroke, neuropathies, and intracranial hypertension [4] . This is the racemose form of the disease, which is associated with its higher rates of incapacity, hospitalization, and death [5] .
Studies on experimental neurocysticercosis have been published, but most of them focus on the host-parasite interaction within the brain parenchyma [6] . So, basic studies are needed to better understand the mechanisms underlying racemose neurocysticercosis [7] . Recently, we developed an experimental model of neurocysticercosis-induced hydrocephalus through the direct injection of cysts of Taenia crassiceps into the subarachnoid space of rats [8] . In this new study, we aimed to understand whether hydrocephalus is a consequence of mechanic obstruction of CSF flow or inflammatory reactions in this experimental model.
Materials and methods
The animals were handled according to ethical guidelines and current legislation. The board of the local Ethics Committee on Animal Use approved the project (CEUA 1038/2013).
Eleven adult Wistar rats (Rattus norvegicus) weighing 200 to 250 g were used. The animals were kept under adequate sanitary conditions in a temperature-controlled room (21°C) under light-dark control. Food and water were available ad libitum.
Parasites and inoculation
The methods for parasite maintenance and inoculation were previously described [8] . Briefly, after aseptic removal from the peritoneal cavity of mice, 50 cysts were injected into the cisterns of each rat by suboccipital puncture with a 25G needle. All animals received general anesthesia by intraperitoneal injection of a mixture of ketamine (100 mg/ml) and xylazine (20 mg/ml) at a dose of 0.1 ml/kg.
Radiologic assessment
Four months after inoculation, magnetic resonance imaging (MRI) using a 0.25 T equipment (Esaote, model Vet-MR) was performed to verify the occurrence of ventricular dilatation and distribution of cysts in the ventricles and basal cisterns. The protocol consisted of T2-weighted gradient-echo acquisitions (0.6-mm thickness; T eco = 5 ms; T repetition = 10 ms). Normal parameters of images from sham animals have been presented before [8] .
Histologic assessment
Immediately after MRI, the animals were euthanized with an overdose of pentobarbital. The heart was perfused with buffered formalin and the encephala were removed, photographed, and fixed overnight in 10 % neutral buffered formalin. Slices were cut at the level of the optic chiasm (to assess the lateral ventricle) and of the medulla oblongata (to assess the fourth ventricle). Then, they were dehydrated in increasing alcohol concentrations, diafanized in xylene, and embedded in paraffin. The blocks were cut into 3-μm sections and the sections were stained with hematoxylin-eosin.
Ventricle dilatation and changes in the ependymal epithelium, choroid plexus, and parenchyma were analyzed using stereologic methods [9] .
Results
MRI showed ventricle enlargement in all animals. Nine animals exhibited enlargement of the basal cisterns. A cyst was detected inside the ventricle of one animal (Fig. 1) . Table 1 summarizes the imaging findings of each animal. The mesoscopic view confirmed cysts juxtaposed to the brainstem (Fig. 2) .
On histologic sections, cysts were observed inside all of the ventricles: lateral, third, and fourth ventricle (despite MRI detected only one large cyst within the lateral ventricle). Inflammatory cells were found in the choroid plexus of the fourth ventricle and in the ependyma. There was an increase in the cellularity of the brain parenchyma near the ventricle cavity, which may correspond to reactive astrogliosis. The choroid plexus was thick and edematous. Finally, the ependyma was thin, flattened, and contained no cilia (Fig. 3) .
Discussion
In human racemose neurocysticercosis, cysts in the CSF compartments (basal subarachnoid cisterns and ventricles) are typical findings and are useful for diagnostic purposes [10] . These cysts behave differently from those of the parenchymal form, i.e., membranes proliferate through the subarachnoid space and can reach a large size. The cysts can obstruct CSF flow and distort the adjacent brain parenchyma, causing different symptoms [11] . Degenerating cysts and the cysts themselves elicit inflammatory responses in the subarachnoid space, in the ventricle, and on the ependymal surface. These inflammatory processes can cause headache and vasculitis. The consequent scars in the subarachnoid space disturb the absorption and flow of CSF, leading to hydrocephalus [12] .
Hydrocephalus occurs in up to 30 % of patients with neurocysticercosis [13] . Despite advances in experimental studies of neurocysticercosis, ventricle enlargement has not been systematically found. Mattos-Silva et al. [14] reported asymmetrical ventriculomegaly as an anecdotal finding. In our previous pilot study, we achieved hydrocephalus by injecting cysts of Taenia crassiceps into the subarachnoid space of rats but we could not explain whether hydrocephalus was a mere consequence of mechanic obstruction for CSF free flow or whether inflammatory reactions played a role on the CSF flow disturbance [8] . Now, it becomes clear that inflammation has a role in the development of hydrocephalus. In this way, our model may be useful for the understanding of hydrocephalus in neurocysticercosis, which has a different evolution from other forms of hydrocephalus [14] .
Ependymal disruption, choroid plexus edema, and reactive astrogliosis are common findings in experimental models of hydrocephalus [15] . In fact, the elevated pressure in the ventricles disrupts the ependyma. The CSF extravasates through the brain parenchyma in attempt to be absorbed by waterchannel molecules in the basement membrane of astrocytes feet to the vessels [16] .
In our model, hydrocephalus could be the simple consequence of mechanical obstruction of the normal pathways for the CSF flow by the parasites. However, the identification of inflammatory infiltrates in the choroid plexus points to the occurrence of an inflammatory response in the CSF compartments. Inflammatory cells in the ependyma simulate the ependymitis that occurs in human neurocysticercosis. Thus, we experimentally reproduced inflammatory patterns of the disease. Additionally, dynamic and adaptive morphologic evidence indicates the establishment of a chronic physiopathologic process.
Teale and her group have extensively studied experimental parenchymal neurocysticercosis. The authors inoculated the cestode Mesocestoides corti through a burr hole into the parietal bone. Even though the cysts are not directly introduced into the brain parenchyma, the invasion capacity of this cestode permits it to quickly reach the parenchyma, causing an inflammatory process that was well documented by the authors [17] [18] [19] . Although these studies made important contributions to the understanding of neurocysticercosis, they do not explain all pathophysiologic changes that occur in the racemose form.
In fact, studies have attempted the intracranial injection of Taenia crassiceps, but the fact that this metacestode displaces the nervous tissue was seen as a disadvantage for a model of experimental neurocysticercosis [6] . On the other hand, displacement of CNS structures is a real concern in the racemose form of neurocysticercosis. In the model proposed here, we observed common findings of racemose neurocysticercosis.
In conclusion, racemose neurocysticercosis was simulated by simple subarachnoid injection of Taenia crassiceps, including cysts throughout the CSF compartments, hydrocephalus, basal cistern enlargement, ependymitis, and inflammatory infiltrates in the CSF space. This model could be useful for the understanding of racemose neurocysticercosis and opens new research perspectives.
